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We confront various nonsingular bouncing cosmologies with the recently released BICEP2 data
and investigate the observational constraints on their parameter space. In particular, within the
context of the effective field approach, we analyze the constraints on the matter bounce curvaton
scenario with a light scalar field, and the new matter bounce cosmology model in which the universe
successively experiences a period of matter contraction and an ekpyrotic phase. Additionally, we
consider three nonsingular bouncing cosmologies obtained in the framework of modified gravity
theories, namely the Horˇava-Lifshitz bounce model, the f(T ) bounce model, and loop quantum
cosmology.
PACS numbers: 98.80.Cq
I. INTRODUCTION
Very recently, the BICEP2 collaboration announced
the detection of primordial B-mode polarization in the
cosmic microwave background (CMB), claiming an in-
direct observation of gravitational waves. This result,
if confirmed by other collaborations and future obser-
vations, will be of major significance for cosmology and
theoretical physics in general. In particular, the BICEP2
team found a tensor-to-scalar ratio [1]
r = 0.20+0.07−0.05, (1)
at the 1σ confidence level for the ΛCDM scenario. Al-
though there remains the possibility that the observed
B-mode polarization could be partially caused by other
sources [2–4], it is indeed highly probable that the ob-
served B-mode polarization in the CMB is due at least
in part to gravitational waves, remnants of the primordial
universe.
The relic gravitational waves generated in the very
early universe is a generic prediction in modern cos-
mology [5, 6]. Inflation is one of several cosmological
paradigms that predicts a roughly scale-invariant spec-
trum of primordial gravitational waves [6–8]. The same
prediction was also made by string gas cosmology [9–12]
and the matter bounce scenario [13–15]. (Note that the
specific predictions of r and the tilt of the tensor power
spectrum can be used in order to differentiate between
these cosmologies.) So far, a lot of the theoretical analy-
ses of the observational data have been in the context of
inflation (see, for instance, [16–34]).
In this present work, we are interested in exploring
the consequences of the BICEP2 results in the frame-
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work of bouncing cosmological models. In particular,
we desire to study the production of primordial grav-
itational waves in various bouncing scenarios, in both
the settings of effective field theory and modified gravity.
First, we show that the tensor-to-scalar ratio parameter
obtained in a large class of nonsingular bouncing models
is predicted to be quite large compared with the obser-
vation. Second, in some explicit models this value can
be suppressed due to the nontrivial physics of the bounc-
ing phase, namely, the matter bounce curvaton [35] and
the new matter bounce cosmology [36–38]. Additionally,
for bounce models where the fluid that dominates the
contracting phase has a small sound velocity, primor-
dial gravitational waves can be generated with very low
amplitudes [39]. We show that the current Planck and
BICEP2 data constrain the energy scale at which the
bounce occurs as well as the slope of the Hubble rate
during the bouncing phase in these specific models.
The paper is organized as follows. In Sec. II, we fo-
cus on matter bounce cosmologies from the effective field
theory perspective. In particular, we explore the mat-
ter bounce curvaton scenario [35] and the new matter
bounce cosmology [37]. In Sec. III, we explore another
avenue for obtaining nonsingular bouncing cosmologies,
that is modifying gravity. We comment on the status
of the matter bounce scenario in Horˇava-Lifshitz gravity
[40], in f(T ) gravity [41], and in loop quantum cosmology
[42]. We conclude with a discussion in Sec. IV.
II. MATTER BOUNCE COSMOLOGY
As an alternative to inflation, the matter bounce cos-
mology can also give rise to scale-invariant power spec-
tra for primordial density fluctuations and tensor pertur-
bations [13, 14]. In the context of the original matter
bounce cosmology, both the scalar and tensor modes of
primordial perturbations grow at the same rate in the
contracting phase before the bounce. As a result, this
naturally leads to a large amplitude of primordial tensor
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2fluctuations [15], greater than the observational upper
bound. However, an important issue that has to be addi-
tionally incorporated in these calculations is how the per-
turbations pass through the bouncing phase, which can
drastically decrease the tensor-to-scalar ratio. One ex-
ample is the matter bounce in loop quantum cosmology,
where the tensor-to-scalar ratio is suppressed by quan-
tum gravity effects during the bounce [43]. Also, for some
parameter choices in the new matter bounce model, r can
be suppressed by a small sound speed of the matter fluid
[37].
In this section, we focus on two particularly interesting
matter bounce cosmological models in the effective field
theory setting. First, we consider the matter bounce cur-
vaton model, in which the primordial curvature pertur-
bation can be generated from the conversion of entropy
fluctuations seeded by a second scalar field [35]. Sec-
ondly, we investigate the new matter bounce cosmology,
where the primordial curvature perturbations can achieve
a gravitational amplification during the bounce [36].
A. The matter bounce curvaton model
The matter bounce curvaton model was originally
studied to examine whether the bouncing solution of the
universe is stable against possible entropy fluctuations
[35] and particle creation [44]. In a toy model studied in
[35], a massless entropy field χ is introduced such that
it couples to the bounce field φ via the interaction term
g2φ2χ2. The entropy field evolves as a tracking solution
in the matter contracting phase and its field fluctuations
are nearly scale-invariant provided the coupling parame-
ter g2 is sufficiently small. The amplitude of this mode is
comparable to the tensor modes and scales as the abso-
lute value of the Hubble parameter H before the bounce.
Afterwards, the universe enters the bouncing phase and
the kinetic term of the entropy field varies rapidly in the
vicinity of the bounce. As in the perturbation equation of
motion this term effectively contributes a tachyonic-like
mass, a controlled amplification of the entropy modes can
be achieved in the bouncing phase. Since this term does
not appear in the equation of motion for tensor pertur-
bations, the amplitude of primordial gravitational wave
is conserved through this phase. After the bounce, the
entropy modes will be transferred into curvature pertur-
bations, and this increases the amplitude of the power-
spectrum of the primordial density fluctuations. An im-
portant consequence of this mechanism is its suppression
of the tensor-to-scalar ratio.
In this subsection, we briefly review the analysis of [35],
in light of the BICEP2 results. In the simplest version of
the matter bounce curvaton mechanism, there are only
three significant model parameters, namely the coupling
parameter g2, the slope parameter of the bouncing phase
Υ (which is defined by H ≡ Υt around the bounce), and
the maximal value of the Hubble parameter HB . The
value of HB is associated with the mass of the bounce
field m through the following relation
HB ' 4m
3pi
. (2)
The propagation of primordial gravitational waves de-
pends only on the evolution of the scale factor, and it is
possible to calculate the power spectrum for primordial
gravitational waves in this scenario1
PT =
2H2m
9pi2M2p
, (3)
from which we see that the amplitude is determined solely
by the maximal Hubble scale Hm. However, the am-
plitude of the entropy fluctuations is increased during
the bounce. Since tensor perturbations do not couple to
scalar perturbations, the entropy perturbations do not af-
fect the power spectrum of gravitational waves, whereas
the entropy modes are amplified and act as a source
for curvature perturbations. This asymmetry leads to
a smaller tensor-to-scalar ratio of
r ' 35F2 , (4)
where the amplification factor is given by
F ' e
√
y(2+y)+ 3√
2
sinh−1( 2
√
y
3 ) , with y ≡ m
2
Υ
, (5)
and Υ is the slope parameter of the bouncing phase as
defined before Eq. (2). Since the exponent in the above
equation is approximately linear in y in the regime of
interest, we see that the tensor-to-scalar ratio can be
greatly suppressed for large values of y, that is for large
m or small Υ. Also, we see that r will reach a maxi-
mal value in the massless limit or in the limit where the
bounce is instantaneous (i.e., Υ → ∞), in which case
entropy perturbations are not enhanced.
We recall that, according to the latest observation of
the CMB (Planck+WP), the amplitude of the power
spectrum of primordial curvature perturbations is con-
strained to be [45]
ln(1010As) = 3.089
+0.024
−0.027 (1σ CL) , (6)
at the pivot scale k = 0.002 Mpc−1. Moreover, the re-
cently released BICEP2 data indicate that [1]
r = 0.20+0.07−0.05 (1σ CL) . (7)
By making use of the above data, we performed a nu-
merical estimate and derived the constraint on the model
parameters Υ and m shown in Fig. 1. From the result,
we find that the mass scale m and the slope parameter
1 Mp ≡ 1/
√
8piG is the reduced Planck mass.
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FIG. 1: Constraints on the mass parameter m and the slope
parameter Υ of the bounce phase from the measurements of
Planck and BICEP2 in the matter bounce curvaton scenario.
The blue bands show the 1σ and 2σ confidence intervals of the
tensor-to-scalar ratio and the red bands show the confidence
intervals of the amplitude of the power spectrum of curvature
perturbations.
Υ appearing in the matter bounce curvaton model have
to be in the following ranges
2.5× 10−4 . m/Mp . 4.5× 10−4 , (8)
7.0× 10−8 . Υ/M2p . 3.5× 10−7 , (9)
respectively. The resulting constraints suggest that if the
universe has experienced a nonsingular matter bounce
curvaton, then the energy scale of the bounce should be
of the order of the GUT scale with a smooth and slow
bouncing process.
B. New matter bounce cosmology
In the new matter bounce scenario, as first developed
in [36], the universe starts with a matter-dominated pe-
riod of contraction and evolves into an ekpyrotic phase
before the bounce. This scenario combines the ad-
vantages of the matter bounce cosmology, which gives
rise to scale-invariant primordial power spectra, and
the ekpyrotic universe, which strongly dilutes primordial
anisotropies [46]. The model can be implemented by in-
troducing two scalar fields, as analyzed in the context of
effective field theory [37].
In the effective model of the two field matter bounce
[37], one scalar field is introduced to drive the matter-
dominated contracting phase and the other is responsible
for the ekpyrotic phase of contraction and the nonsingu-
lar bounce. Therefore, similar to the matter bounce cur-
vaton scenario, there also exist curvature perturbations
and entropy fluctuations during the matter-dominated
contracting phase. However, the main difference between
these two models is that, in the present case, the entropy
modes have already been converted into curvature per-
turbation when the universe enters the ekpyrotic phase
before the bounce, while in the matter bounce curvaton
mechanism, this process occurs after the bounce.
In this model, when the universe evolves into the
bouncing phase, the kinetic term of the scalar field that
triggers the bounce could vary rapidly which is similar to
the analysis of the matter bounce curvaton mechanism.
This process can also effectively lead to a tachyonic-like
mass for curvature perturbations, and therefore, the cor-
responding amplitude can be amplified. For the same
reason as the matter bounce curvaton mechanism, this
effect only works on the scalar sector. Correspondingly,
the tensor-to-scalar ratio is suppressed when primordial
perturbations pass through the bouncing phase in the
new matter bounce cosmology. We would like to point
out that this effect is model dependent, namely, it could
be secondary if the kinetic term of the background scalar
evolves very smoothly compared to the bounce phase
[47, 48].
Following [37], one can write the expression of the
power spectrum for primordial tensor fluctuations as
PT '
F2ψγ2ψH2E
16pi2(2q − 3)2M2p
, (10)
with
γψ ' 1
2(1− 3q) ,
Fψ ' exp
[
2
√
ΥtB+ +
2
3
Υ3/2t3B+
]
, (11)
up to leading order. In the above expression, HE is the
value of the Hubble rate at the beginning of the ekpyrotic
phase and q is an ekpyrotic parameter which is much less
than unity. Note that we have assumed that the bouncing
phase is nearly symmetric around the bounce point with
the values of the scale factor before and after the bounce
being comparable. We denote the time at the end of the
bounce phase by tB+.
At leading order, the power spectrum for curvature
fluctuations is given by
Pζ '
F2ζH2Ea2E
8pi2M4p
γ2ζm
2 |Uζ |2 , (12)
with γζ ' γψ and
Uζ = −(25 + 49q)i HE
24m
− 27q
24
,
Fζ ' e
2
√
2+ΥT 2
(
tB+
T
)
+
2(2+3ΥT2+Υ2T4)
3
√
2+ΥT2
(
t3B+
T3
)
. (13)
Similarly to HE, we introduced aE, which is the value of
the scale factor at the beginning of the ekpyrotic phase
(in the pre-bounce branch of the universe). Also, we in-
troduced the mass m of the scalar field responsible for the
phase of matter contraction. We also note the presence
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FIG. 2: Constraints on the dimensionless duration parameter
tB+/T and the slope parameter Υ of the bounce phase from
the measurements of Planck and BICEP2 in the new matter
bounce cosmology. The value of the Hubble parameter at the
beginning of the ekpyrotic phase is fixed to beHE/Mp = 10
−7.
As in Fig. 1, the blue and red bands show the confidence
intervals of the tensor-to-scalar ratio and of the amplitude of
the power spectrum of curvature perturbations, respectively.
of the variable T , which comes into play in the evolution
of the bounce field (see [37] for more details). From eqs.
(10) and (12), the tensor-to-scalar ratio in this model
then takes the form of
r ≡ PT
Pζ
' F
2
ψM
2
p
2(2q − 3)2F2ζ a2Em2
∣∣∣U (k)ζ ∣∣∣2 . (14)
Similarly to the previous subsection, we perform a nu-
merical estimate to investigate the consequences of the
observational constraints on the parameter space of the
new matter bounce scenario. Note that, although the
model under consideration involves a series of parame-
ters, there are three main parameters that are most sen-
sitive to observational constraints, i.e., the slope param-
eter Υ, the Hubble rate at the beginning of the ekpy-
rotic phase HE, and the dimensionless duration parame-
ter tB+/T of the bouncing phase.
We first look at the correlation between Υ and tB+/T ,
with the numerical result shown in Fig. 2. One can read
that the slope parameter Υ and the dimensionless dura-
tion parameter tB+/T are slightly negatively correlated.
This implies that one expects either a slow bounce with
a long duration or a fast bounce with a short duration.
However, it is easy to find that the constraint on the di-
mensionless duration parameter tB+/T is very tight with
a value slightly less than 2. Therefore, it is important
to examine whether the model predictions accommodate
with observations by fixing the parameter tB+/T .
Then, we analyze the correlation between Υ and HE
after setting tB+/T = 1.86. The allowed parameter space
is depicted by the intersection of the blue and red bands
shown in Fig. 3. From the result, we find that the Hubble
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FIG. 3: Constraints on the Hubble parameter at the begin-
ning of the ekpyrotic phase HE and the slope parameter Υ
of the bounce phase from the measurements of Planck and
BICEP2 in the new matter bounce cosmology. The dimen-
sionless bounce time duration is fixed to be tB+/T = 1.86. As
in Figs. 1 and 2, the blue and red bands show the confidence
intervals of r and of the amplitude of Pζ , respectively.
scale HE and the slope parameter Υ introduced in the
new matter bounce cosmology are constrained to be in
the following ranges
1.9× 10−8 . HE/Mp . 1.9× 10−6 , (15)
4.9× 10−7 . Υ/M2p . 8.5× 10−7 , (16)
respectively. One can easily see that the constraints on
the slope parameter Υ in the new matter bounce cosmol-
ogy and in the matter bounce curvaton scenario are in
the same ballpark, i.e., Υ ∼ O(10−7). For the new mat-
ter bounce cosmology, if we assume that the bounce oc-
curs at the GUT scale, then the duration of the bouncing
phase is roughly O(104) Planck times. We also note that
the amplitude of the Hubble scale HE in the new mat-
ter bounce cosmology is much lower than the GUT scale.
This allows for a long enough ekpyrotic contracting phase
that can suppress the unwanted primordial anisotropies
as addressed in [46].
In summary, from the analysis of the matter bounce
curvaton and the new matter bounce cosmology sce-
narios, we can conclude that, in general, a nonsingu-
lar bouncing cosmology has to experience the bouncing
phase smoothly for it to agree with latest observational
data. In other words, the Hubble parameter cannot grow
too fast during the bounce phase since the constraints
that we find favor a small value of Υ. Depending on the
detailed bounce mechanism, the observed amplitude of
the spectra of the CMB fluctuations may be determined
by the bounce scale or the value of the Hubble parame-
ter at the moment when primordial perturbations were
frozen at super-Hubble scales. For the matter bounce
curvaton, the mass scale of the bounce is of the order of
O(10−4)Mp which is close to or slightly lower than the
5GUT scale (O(1016) GeV). On the other hand, for the
new matter bounce cosmology, due to the introduction
of the ekpyrotic phase, it is the Hubble parameter HE at
the onset of the ekpyrotic phase that determines the am-
plitude of the primordial spectrum of the perturbations,
and it must be much lower than the GUT scale in order
to agree with observations. These interesting results en-
courage further study of bouncing cosmologies following
the effective field approach.
III. IMPLICATIONS FOR MODIFIED-GRAVITY
BOUNCING COSMOLOGY
In the previous section, we performed numerical com-
putations to constrain two representative bounce cos-
mologies that are described by the effective field ap-
proach. It is interesting to extend the analysis to bounc-
ing cosmology models where the bounce occurs due to
modified-gravity theories. In the following, we shall fo-
cus on three specific models. The first one is to obtain
the matter bounce solution in the framework of a non-
relativistic modification to Einstein gravity, namely the
Horˇava-Lifshitz bounce model [40, 49]. The second is to
realize the nonsingular bounce by virtue of torsion grav-
ity, i.e., the f(T ) bounce model [41]. And the third is a
study of the new matter bounce cosmology in the setting
of loop quantum cosmology [42].
A. Matter bounce in Horˇava-Lifshitz gravity
Horˇava-Lifshitz gravity is argued to be a potentially
UV complete theory for quantizing the graviton, and it
has important implications in the physics of the very
early universe. In particular, a nonsingular bouncing
solution can be achieved in this theory when a non-
vanishing spatial curvature term is taken into account
[50, 51]. In this case, the higher order spatial derivative
terms of the gravity Lagrangian can effectively contribute
a stiff fluid with negative energy, which can trigger the
nonsingular bounce as well as suppressing unwanted pri-
mordial anisotropies. Thus, the bouncing solutions ob-
tained in this picture are marginally stable against the
BKL instability.
As was shown in [40], if the contracting phase is dom-
inated by a pressure-less matter fluid, Horˇava-Lifshitz
gravity can provide a realization of the matter bounce
scenario. Moreover, for primordial perturbations in
the infrared limit, the corresponding power spectrum
for both the scalar and tensor modes are almost scale-
invariant [52]. However, the paradigm derived in this
framework belongs to the traditional matter bounce cos-
mology, and so the amplitude of the tensor power spec-
trum is of the same order as the scalar power spectrum.
In this regard, the corresponding tensor-to-scalar ratio is
too large to explain the latest cosmological observations.
To address this issue, one needs to enhance the amplitude
of the curvature perturbations generated in the contract-
ing phase in the infrared limit, for example by applying
the matter bounce curvaton mechanism.
B. The f(T ) matter bounce cosmology
We briefly describe the realization of the matter
bounce in the f(T ) gravitational modifications of general
relativity. The f(T ) gravity theory is a generalization
of the formalism of the teleparallel equivalent of general
relativity [53–55], in which one uses the curvature-less
Weitzenbo¨ck connection instead of the torsion-less Levi-
Civita one, and thus all of the gravitational information
is included in the torsion tensor.
We use the vierbeins eA(x
µ) (Greek indices run over
the coordinate space-time and capital Latin indices run
over the tangent space-time) as the dynamical field, re-
lated to the metric through gµν(x) = ηAB e
A
µ (x) e
B
ν (x),
with ηAB = diag(1,−1,−1,−1). Thus, the torsion ten-
sor is Tλµν = e
λ
A (∂µe
A
ν − ∂νeAµ ), and the torsion scalar is
given by
T =
1
4
TµνλTµνλ +
1
2
TµνλTλνµ − T νµν Tλλµ . (17)
Thus, inspired by the f(R) modifications of Einstein-
Hilbert action, one can construct the f(T ) modified
gravity by taking the gravity action to be an arbitrary
function of the torsion scalar through S =
∫
d4x e[T +
f(T )]/16piG. One interesting feature of the f(T ) gravity
is that the null energy condition can be effectively vio-
lated, and thus nonsingular bouncing solutions are pos-
sible. In particular, it has been shown that the matter
bounce cosmology can be achieved by reconstructing the
form of f(T ) under specific parameterizations of the scale
factor [41].
In this model the power spectrum of primordial curva-
ture perturbations is also scale-invariant if the contract-
ing branch is matter-dominated. Its form is given by
Pζ =
H2m
48pi2M2p
, (18)
where Hm is the maximal value of the Hubble parameter
throughout the whole evolution [41] (and thus its defini-
tion is the same as that introduced in the matter bounce
curvaton scenario).
Now we investigate the evolution of primordial tensor
fluctuations in the f(T ) matter bounce. The perturba-
tion equation for the tensor modes can be expressed as
[54](
h¨ij + 3Hh˙ij − ∇
2
a2
hij
)
− 12HH˙f,TT
1 + f,T
h˙ij = 0 , (19)
where the tensor modes are transverse and traceless. It
is interesting to note that the last term appearing in Eq.
(19) plays a role of an effective “mass” for the tensor
6modes which may affect their amplitudes along the cos-
mic evolution. However, as it was pointed out in [41], the
effect brought by f,TT is negligible since f(T ) is approx-
imately a linear function of T in the matter contracting
phase. Hence, for primordial tensor fluctuations at large
length scales, although the power spectrum is also scale-
invariant, the amplitude takes of the form of
PT =
H2m
2pi2M2p
. (20)
Thus, this result is already ruled out by the present obser-
vations unless one introduces some mechanism to mag-
nify the amplitude of scalar-type metric perturbations.
This issue can be resolved by the matter bounce curva-
ton mechanism. Doing so, the tensor-to-scalar ratio in
our model can be suppressed by the kinetic amplification
factor in the bouncing phase as described in the previous
section.
C. Loop quantum cosmology
The realization of bouncing cosmologies becomes very
natural in the frame of loop quantum cosmology (LQC)
since the classical big-bang singularity is generically re-
placed by a quantum bounce when the space-time cur-
vature of the universe is of the order of the Planck scale
[56, 57]. Several cosmological models have been studied
in the context of LQC, including inflation [58–60], the
matter bounce [43], and the ekpyrotic scenario [61]. Note
however that anisotropies are generically expected to be-
come important near the bounce point —with the excep-
tion of the ekpyrotic scenario— and, while the bounce is
robust in the presence of anisotropies [62, 63], the anal-
ysis of the cosmological perturbations becomes consider-
ably more complex when anisotropies are important.
There are two realizations of the matter bounce sce-
nario that have been studied so far in LQC: the “pure”
matter bounce model, where the dynamics are matter-
dominated at all times, including the bounce, and
the new matter bounce model (also called the matter-
ekpyrotic bounce) where the space-time is matter-
dominated at the beginning of the contracting phase,
while an ekpyrotic scalar field dominates the dynamics
during the end of the contracting era and also the bounce.
In LQC, the dynamics of cosmological perturbations
are given by the effective equation of motion for the
Mukhanov-Sasaki variables that include quantum gravity
effects,
vik
′′
+
(
c2sk
2 − z
′′
i
zi
)
vik = 0 , (21)
where k labels the Fourier modes and the index
i = {S, T} denotes the scalar and tensor modes respec-
tively. The detailed forms of the sound speed parameter
cs and the coefficient zi for holonomy-corrected LQC are
c2s = 1−2ρ/ρc, z2T = a2/c2s, and z2S = a2(ρ+P )/H2. Here
ρc ∼M4p is the critical energy density of LQC where the
bounce occurs. These are the equations of motion that
were used to determine the observational predictions of
the pure matter bounce and the matter-ekpyrotic bounce
models in LQC.
In the pure matter bounce model in LQC, tensor per-
turbations are strongly suppressed during the bounce due
to the quantum gravity modification of zT and this gives
a predicted tensor-to-scalar ratio of r ∼ O(10−3), well
below the signal detected by BICEP2 [43]. In addition,
the amplitude of the spectrum of scalar perturbations is
of the order of ρc/M
4
p , and therefore in order to match
observations, it is necessary for ρc to be several orders
of magnitude below the Planck energy density. This is
problematic as heuristic arguments relating LQC and the
full theory of loop quantum gravity indicate that ρc is
expected to be at most one or two orders of magnitude
below ρPl.
This last problem is avoided in the new matter bounce
model for the following reason: when the universe evolves
into the ekpyrotic phase, all the perturbation modes at
super-Hubble scales freeze and thus the amplitude of the
perturbations are entirely determined by the value of
the Hubble parameter at the beginning of the ekpyrotic
phase, HE [42]. Because of this, the observed amplitude
of the scalar perturbations determines HE, not ρc. In ad-
dition, the ekpyrotic phase also dilutes the anisotropies
before the bounce occurs and hence the BKL instability
is avoided in this model. In order to determine how the
recent results of the BICEP2 collaboration constrain the
matter-ekpyrotic bounce in LQC, it is necessary to deter-
mine the amplitude of the primordial tensor fluctuations
in this scenario.
The dynamics of scalar perturbations in the LQC
matter-ekpyrotic bounce model have been studied in de-
tail in [42], and this analysis is easy to extend to tensor
perturbations as their evolution is given by a very similar
differential equation as seen in Eq. (21). Due to the fact
that their equations of motion are very similar at times
well before the bounce, the amplitude of the spectra of
the scalar and tensor modes are of the same order, and
it is easy to check that if the ekpyrotic scalar field dom-
inates the dynamics during the bounce,both the scalar
and tensor modes evolve trivially through the bounce
(note that this is very different to what happens if the
matter field dominates the dynamics during the bounce).
The result is that, as in other matter-ekpyrotic bounce
models without entropy perturbations, the resulting am-
plitude of the tensor perturbations is significantly larger
than for the scalar perturbations and therefore this par-
ticular model is ruled out by observations.
However, if there is more than one matter field then
entropy perturbations may become important, and they
have been neglected in the above analysis. As explained
in Sec. II, entropy perturbations can significantly in-
crease the amplitude of scalar perturbations, while not
affecting the dynamics of tensor perturbations in any
way, thus decreasing the tensor-to-scalar ratio. There-
7fore, for the matter-ekpyrotic bounce model to be viable
in LQC, it will be necessary to include entropy pertur-
bations in some manner, perhaps as is done in the new
matter bounce model presented in Sec. II B.
Finally, it is possible (at least for the flat FLRW space-
time) to express LQC as a teleparallel theory, which leads
to slightly different equations of motion for cosmolog-
ical perturbations [64]. In this setting, as there exist
solutions with a large range of tensor-to-scalar ratios,
r ∈ [0.1243, 13.4375] [65], it is possible to obtain a value
of r that is compatible with the results of the BICEP2
collaboration.
IV. CONCLUSION
In this work, we confronted various bouncing cosmolo-
gies with the recently released BICEP2 data. In par-
ticular, we analyzed two scenarios in the effective field
theory framework, namely the matter bounce curvaton
scenario and new matter bounce cosmology, and three
modified gravity theories, namely Horˇava-Lifshitz grav-
ity, the f(T ) theories, and loop quantum cosmology. In
all of these models, we showed their capability of gener-
ating primordial gravitational waves.
Since matter bounce models typically produce a large
amount of primordial tensor fluctuations, specific mech-
anisms for their suppression are needed. In the mat-
ter bounce curvaton scenario, introducing an extra scalar
coupled to the bouncing field induces a controllable am-
plification of the entropy modes during the bouncing
phase, and since these modes will be transferred into cur-
vature perturbations the resulting tensor-to-scalar ratio
is suppressed to a value in agreement with the observa-
tions of the BICEP2 collaboration.
Another possibility, called the new matter bounce cos-
mology, is to have two scalar fields, one driving the mat-
ter contracting phase and the other driving the ekpyrotic
contraction and the nonsingular bounce. Thus, the en-
tropy modes are converted into curvature perturbations
when the universe enters the ekpyrotic phase before the
bounce, and the resulting tensor-to-scalar ratio is again
suppressed to observed values.
Furthermore, in both of these models we used the BI-
CEP2 and the Planck results in order to constrain the
free parameters in these models, namely the energy scale
of the bounce, the slope of the Hubble rate during the
bouncing phase, or the Hubble rate at the beginning
of the ekpyrotic-dominated phase for the new matter
bounce cosmology.
Finally, we considered bouncing cosmologies in the
framework of modified gravity. In particular, in both
the Horˇava-Lifshitz bounce model and the f(T ) gravity
bounce, we have argued that the presence of a curva-
ton field may suppress the tensor-to-scalar ratio to its
observed values. We leave the detailed analysis of this
topic for a follow-up study.
In loop quantum cosmology, two realizations of the
matter bounce have been studied. In the simplest mat-
ter bounce model where there is only one matter field,
the amplitude of the tensor perturbations is significantly
diminished during the bounce due to quantum grav-
ity effects; this process predicts a very small value of
r ∼ O(10−3), well below the value observed by BICEP2.
The other model that has been studied is the new matter
bounce scenario, which in the absence of entropy pertur-
bations predicts a large amplitude for the tensor per-
turbations (in this case quantum gravity effects do not
modify the spectrum during the bounce). Therefore, for
the new matter bounce scenario in LQC to be viable,
it is also necessary to include entropy perturbations in
order to lower the value of r to a value in agreement
with the results of BICEP2. Also, as can be seen here,
the dominant field during the bounce significantly affects
how the value of r changes during the bounce and there-
fore it seems likely that by carefully choosing this field,
it may be possible to obtain a tensor-to-scalar ratio in
agreement with observations. We leave this possibility
for future work.
In summary, the predictions of the matter bounce cos-
mologies where entropy perturbations significantly in-
crease the amplitude of scalar perturbations remain con-
sistent with observations, and thus these models are good
alternatives to inflation.
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